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(57) ABSTRACT

This nonvolatile semiconductor memory device comprises: a
word line connected to a control gate; a bit line electrically
connected to one end of a NAND cell unit; a source line
electrically connected to the other end of the NAND cell unit;
and a control circuit that controls a voltage applied to a
semiconductor layer, the control gate, the bit line, and the
source line.

The control circuit is configured to, when performing a write
verify operation for determining whether a write operation
has been completed or not after finishing the write operation,
temporarily raise a voltage of the bit line or the source line to
a light erase voltage which is higher than a voltage applied to
the bit line or the source line during the write verify operation.
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NONVOLATILE SEMICONDUCTOR
MEMORY DEVICE AND METHOD OF
CONTROLLING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims the benefit of
priority from prior US prior provisional Patent Application
No. 61/870,302, filed on Aug. 27, 2013, the entire contents of
which are incorporated herein by reference.

FIELD

This invention relates to a nonvolatile semiconductor
memory device and a method of controlling the same.

BACKGROUND

A cell array of a NAND type flash memory is configured as
an arrangement of NAND cell units, each NAND cell unit
having a plurality of memory cells connected in series
therein. The two ends of each NAND cell unit are respectively
connected to a bit line and a source line via a select gate
transistor.

Control gates of the memory cells in the NAND cell unit
are each connected to a different word line. The NAND type
flash memory has a plurality of memory cells connected in
series sharing a source and a drain, moreover, has the select
gate transistors and their bit line contacts and source line
contacts and so on shared by the plurality of memory cells,
hence a size of a unit memory cell can be reduced, and,
moreover, since a shape of the word line or an element region
of the memory cell is close to a simple striped shape, the
NAND type flash memory is suited to miniaturization,
whereby a flash memory of large capacity is achieved.

Incidentally, due to progress in miniaturization of the
memory cell in the NAND type flash memory, deterioration
of'data holding characteristics of the memory cell has become
a problem. Specifically, data holding characteristics tend to
deteriorate when the cumulative number of times of execu-
tions of a write operation/erase operation to the memory cell
increases causing progressive deterioration of a gate insulat-
ing film of the memory cell. Therefore, sometimes, after
completion of the write operation and a write verify opera-
tion, a lower limit of the threshold voltage distribution falls to
a write verify voltage or less, which leads to deterioration of
data holding characteristics of the memory cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram explaining a memory core
configuration of a NAND cell type flash memory according to
a first embodiment.

FIG. 2 shows an example of a data write method in the case
of executing a four-level data storage scheme in the NAND
cell type flash memory of the first embodiment.

FIG. 3 is a flowchart showing a procedure in the case of
executing the write method of FIG. 2.

FIG. 41s a conceptual diagram of a so-called negative sense
scheme.

FIG. 5 is a schematic view showing a write operation,
subsequent write verify operation, and further subsequent
read operation, and problems at a time of those operations.

FIG. 6 is a timing chart showing a change in voltage
applied to each part in the case of executing the write verify
operation in the first embodiment.
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FIG. 7 shows an example of a voltage waveform applied in
the write verify operation.

FIG. 8 is a timing chart showing a change in voltage
applied to each part in the case of executing a write verify
operation in a second embodiment.

FIG. 9 is a timing chart showing a change in voltage
applied to each part in the case of executing a write verify
operation in a third embodiment.

FIG. 10 is a timing chart showing a change in voltage
applied to each part in the case of executing a write verify
operation in a fourth embodiment.

FIG. 11 shows a first modified example of the first embodi-
ment.

FIG. 12 shows a second modified example of the first
embodiment.

DETAILED DESCRIPTION

A nonvolatile semiconductor memory device of an
embodiment described below comprises a memory cell array
having NAND cell units arranged therein, each NAND cell
unit configured from a memory string and a select transistor
connected to both ends of the memory string, the memory
string having a plurality of nonvolatile memory cells con-
nected in series therein, the memory cell including a charge
storage layer formed on a semiconductor layer via a gate
insulating film and a control gate formed on the charge stor-
age layer via an inter-gate insulating film. Additionally, this
nonvolatile semiconductor memory comprises: a word line
connected to the control gate; a bit line electrically connected
to one end of the NAND cell unit; a source line electrically
connected to the other end of the NAND cell unit; and a
control circuit that controls a voltage applied to the semicon-
ductor layer, the control gate, the bit line, and the source line.

The control circuit is configured to, when performing a
write verify operation for determining whether a write opera-
tion has been completed or not after finishing the write opera-
tion, temporarily raises, prior to execution of the write verify
operation, a voltage of the bit line or the source line to a light
erase voltage which is higher than a voltage applied to the bit
line or the source line during the write verify operation.

Next, each of embodiments will be described in detail with
reference to the drawings.

First Embodiment

First, a NAND cell type flash memory of a first embodi-
ment will be described with reference to FIG. 1. FIG. 1 shows
a memory core configuration of the NAND cell type flash
memory according to the first embodiment.

A memory cell array 1 is configured to have memory
strings MS arranged therein, each memory string MS having
a plurality of 32 electrically rewritable nonvolatile memory
cells M0-M31 connected in series therein. The number of
memory cells M in one memory string MS is not limited to 32,
and may also be set to, for example, 64, 128, and so on.

Connected to the two ends of the memory string MS are a
drain side select gate transistor SG0 and a source side select
gate transistor SG1 that are conductive when that memory
string MS is selected. One NAND cell unit is configured by
these 32 memory cells M0-M31 and select gate transistors
SGO and SG1.

The memory cell M may be configured as a floating gate
type memory cell of a type that has a floating gate FG (charge
storage layer) formed via a gate insulating film 11 on a p type
well SW formed on a semiconductor substrate, and includes
a control gate CG on this floating gate FG via an inter-gate
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insulating film 13. Moreover, the plurality of memory cells M
connected in series in one memory string MS share a drain/
source diffusion layer 15. The memory cell M, instead of
being configured as a floating gate type memory cell, may
also be configured as a MONOS type memory cell including
a charge storage layer configured from, for example, a silicon
nitride film, or the like.

Each NAND cell unit is connected to a bit line BL atan end
of the drain side select gate transistor SG0, and is connected
to a source line CELSRC at an end of the source side select
gate transistor SG1.

Control gates of the memory cells M0-M31 in the NAND
cell unit are respectively connected to different word lines
WLO0-WL31. The select gate transistors SGO0 and SG1 are
connected to select gate lines SGD and SGS that are parallel
to the word lines WLO-WL31.

A row decoder 2 and a word line driver 2' are disposed for
selecting and driving the word lines WL and the select gate
lines SGD and SGS. Each bit line BL is connected to a sense
amplifier-cum-data latch 31 in a sense amplifier circuit 3. The
bit line BL is charged to a certain voltage during a read
operation by a pre-charge circuit, not illustrated, included in
the sense amplifier-cum-data latch 31. Moreover, a clamp
transistor is connected between the bit line BL and the sense
amplifier-cum-data latch 31, a gate voltage of this clamp
transistor being controlled by a bit line driver 4.

Shown here is the case where the bit line BL is connected
to the sense amplifier-cum-data latch 31 in a one-to-one cor-
respondence, and in this case the memory cells selected by
one word line form one page undergoing simultaneous write/
read. However, it is also possible to adopt a scheme where, for
example, adjacent even-numbered bit lines and odd-num-
bered bit lines share one sense amplifier-cum-data latch. In
this case, half of the memory cells selected by one word line
form a unit (one page) of simultaneous write/read.

A group of NAND cell units sharing word lines configures
ablock which is a unit of data erase. As illustrated, a plurality
of blocks BLKO, BLK1, . . ., BLKm-1 are arranged in a
direction of the bit line BL.

In addition, a source line driver 5 and a well driver 6 are
provided as circuits for controlling a potential of the source
line CELSRC and the well SW. The source line driver 5 and
the well driver 6, in the case of executing negative sense
scheme, raise a voltage of the source line CELSRC and the
well SW to a voltage V z;szc (>0) and a voltage V.,
(V1oei70, V iz sre2 Viven), respectively. In order to avoid a
substrate bias being applied, the voltage V., is set equal to
the voltage V oz, s Or 10 a voltage which is smaller than
V czrsre- A control circuit 10 controls these drivers 2', 4, 5,
and 6 to control a voltage applied to the word line WL, the bit
line BL, the source line CELSRC, and the well SW. Note that
the voltage supplied to the word line WL, the bit line BL, the
source line CELSRC, and the well SW is supplied from a
voltage generating circuit 7. The voltage generating circuit 7
comprises a plurality of boost circuits CP. The voltage gen-
erating circuit 7 selectively operates several of these plurality
of’boost circuits (power source circuits) CP based on a control
signal from the control circuit 10. Moreover, the voltage
generating circuit 7 is configured capable of simultaneously
supplying the voltage generated employing several of these
plurality of boost circuits CP to the plurality of drivers 2', 4, 5,
or 6. That is, the control circuit 10 of the present embodiment
is configured capable of, in a certain case, supplying various
kinds of drivers with an identical voltage employing identical
boost circuits CP.

FIG. 2 shows an example of a data write method in the case
of executing a four-level data storage scheme in the NAND
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cell type flash memory in this embodiment. In addition, FIG.
3 is a flowchart showing a procedure in the case of executing
this write method. Four-level data is defined by, for example,
anegative threshold voltage distribution (erase distribution) E
in a lowest voltage level, and threshold voltage distributions
A, B, and C in higher voltage levels than this threshold volt-
age distribution E.

In order to write this four-level data, first, all memory cells
of a selected block are set to the lowest negative threshold
voltage distribution E (data erase: step S11 in FIG. 3). This
data erase is performed by providing a positive erase voltage
Vera from the well driver 6 to the well SW where the memory
cell array 1is formed, and setting all word lines of the selected
block to 0 V to cause electrons of the floating gates of all
memory cells M to be released.

Next, a lower page write (Lower Page Program) is per-
formed that writes some of the cells having the threshold
voltage distribution E to an intermediate distribution LM
(step S12 in FIG. 3). Then, a verify voltage is set to a voltage
VLM (the voltage VLM is applied between gate and source of
the selected memory cell M) to perform a verify operation for
confirming completion of write to the intermediate distribu-
tion LM (step S13).

Then, an upper page write (Upper Page Program) that
raises a threshold voltage from the threshold voltage distri-
bution E to A, and also from the intermediate distribution LM
to the threshold voltage distributions B and C is performed,
and then voltages VA, VB, or VC acting as a verify voltage are
employed to perform a verify operation (steps S14 and S15).
After write to all of the threshold voltage distributions E to C
has been completed in this way, a read operation is performed
as required (step S16). In the read operation, a read voltage
applied between gate and source of the selected memory cell
M is set to read voltages RA, RB, and RC which are voltages
between an upper limit and a lower limit of each of the
threshold voltage distributions E to C. On the other hand, a
read pass voltage V., which is sufficiently larger than an
upper limit value of the threshold voltage distribution C is
applied between gate and source of an unselected memory
cell. The read pass voltage V., is a voltage capable of
setting the memory cell M to a conductive state, irrespective
of'held data of the memory cell M.

The above data write is performed as an operation that
provides a selected word line with a write voltage VPGM,
provides an unselected word line with a write pass voltage
Vpass, provides a bit line with, for example, a ground voltage
Vss (in the case of “0” write where the threshold voltage is
raised) or a power supply voltage Vdd (in the case of write
prohibit where the threshold voltage is not raised), thereby
selectively injecting electrons into the floating gate of the
memory cell. That is, in the case of “0” write, the ground
voltage Vss applied to the bit line BL is transferred to a
channel of the NAND cell unit, and when the write voltage
VPGM is provided, electrons due to a tunnel current are
injected from the channel into the floating gate. On the other
hand, in the case of “1” write (write prohibit), the NAND cell
channel is charged to Vdd-V1t (Vt is a threshold voltage of the
drain side select gate transistor SG0) to become floating, and
when the write voltage VPGM is provided, the cell channel is
boosted by capacitive coupling, whereby electron injection
does not occur. Note that data write usually utilizes a step-up
write scheme that raises the write voltage little by little every
write cycle (write operation and write verify operation).

In the lower page write (write of the intermediate distribu-
tion LM), in order to set a lower limit of the threshold voltage
of that intermediate distribution LM to not less than a certain
voltage (verify voltage VLLM), confirmation of a write state
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(verify operation) is performed. That is, by means of a write
verify operation that provides the verify voltage VLM
between the control gate (selected word line) and the source
of the selected memory cell, a determination of write failure
(fail) is made if the selected memory cell is brought into
conduction, and a determination of write success (pass) is
made if the selected memory cell is not brought into conduc-
tion. Similarly, during upper page write, write verify opera-
tions of data states A, B, and C are performed by verify
voltages VA, VB, and VC, respectively.

In a NAND cell type flash memory, due to progress in
miniaturization, multi-leveling, and so on, of the memory
cell, a voltage value of the threshold voltage distribution E
after executing the data erase operation is becoming an
increasingly low value (negative value of large absolute
value). In this case, when performing a write operation of data
from an erase state threshold voltage distribution of such a
low voltage value, the threshold voltage distribution after
write sometimes does not become a positive voltage but is
negative. FIG. 2 shows an example where a lower limit value
of the threshold voltage distribution A is a negative value.

In this case, a voltage of negative value must be provided
between gate and source of the selected memory cell Mn
during the verify operation, but preparing a voltage generat-
ing circuit capable of providing a voltage of negative value to
the control gate of the memory cell leads to an increase in
circuit area. Therefore, the nonvolatile semiconductor
memory device of the present embodiment is configured
capable of executing a so-called negative sense scheme.

In the negative sense scheme, the voltages V .z; oz~ and
V.. @pplied to the source line CELSRC and the well SW
during the read operation and during the write verify opera-
tion are set to a voltage of positive value, for example, a
voltage of about 1.5V (refer to FIG. 4). In this case, if, for
example, the verify voltage VA of the threshold voltage dis-
tribution A is —1.5 'V, it is sufficient for a voltage VCGRV
applied to the control gate of the selected memory cell during
the write verify operation of this threshold voltage distribu-
tion A to be 0V (=-1.5+1.5). In this way, the negative sense
scheme makes it unnecessary for the voltage applied to the
control gate of the selected memory cell to be set to a negative
voltage, even when the lower limit value of the threshold
voltage distribution is set to a negative voltage.

Note that in the case where only the lower limit value of the
threshold voltage distribution A is a negative value and the
lower limit values of the other threshold voltage distributions
B and C are positive values as in FIG. 2, the above-mentioned
negative sense scheme may be adopted only in the verify
operation and the read operation for the threshold voltage
distribution A. That is, in the read operation for the threshold
voltage distributions B and C, a configuration may be adopted
executing an ordinary read scheme (positive sense scheme)
that sets the voltages V oz, srcand V., 1o OV, without relying
on the negative sense scheme. However, the negative sense
scheme may be executed also for the threshold voltage dis-
tributions B and C.

Incidentally, in such a NAND type flash memory, progress
in miniaturization of the memory cell has resulted in the
following problem becoming significant, namely the problem
that the more the cumulative number of times of executions of
the write operation/erase operation to the memory cell
increases, the more data holding characteristics of the
memory cell deteriorate. This problem will be described with
reference to FIG. 5.

FIG. 5 is a schematic view showing the write operation,
subsequent write verify operation, and further subsequent
read operation, and problems at a time of those operations.
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In the write operation (Program), the selected word line is
applied with a high voltage of, for example, 20 V or more,
whereby a charge corresponding to data is trapped in the
floating gate of the memory cell M, and the threshold voltage
distribution corresponding to data intended to be written is
obtained in the selected memory cell. In the write verify
operation (Verify) immediately after the write operation, the
write verity voltage (VA, VB, and VC) is applied to the
selected word line, and if; for example, the lower limit value
of the threshold voltage distribution attains the write verify
voltage or more, the write operation is determined to have
been completed (a “pseudo-pass scheme” where the write
operation is regarded as having been completed in the case
that the number of memory cells determined to be write-
incomplete is a certain value or less, is also sometimes
adopted).

However, even when the lower limit value of the threshold
voltage distribution is not less than the write verify voltage
VA, VB, and VC immediately after the write operation is
finished, it sometimes happens that when a few seconds or a
few minutes have elapsed after the verify operation, trapped
charge escapes from the memory cell causing the lower limit
value ofthe threshold voltage distribution to change, whereby
the lower limit value of the threshold voltage distribution
changes to a value which is lower than the write verify voltage
VA, VB, and VC. Such a phenomenon is becoming more
significant with progress in miniaturization of the memory
cell. Such a drop in the lower limit value of the threshold
voltage distribution is caused not only by leak of charge
trapped in the floating gate, but also by, for example, leak of
charge trapped in the gate insulating film, a gate sidewall film,
or the like, as time elapses. Such a drop in the lower limit
value of the threshold voltage distribution may cause a mis-
read during the read operation.

Accordingly, in the present embodiment, in the write verify
operation after the write operation, the following operation is
executed.

FIG. 6 is a timing chart showing a change in voltage
applied to each part in the case of executing the write verify
operation in the first embodiment. Note that FIG. 6 describes
the case where the so-called negative sense scheme is adopted
(the voltages V gy and V, ., applied the source line
CELSRC and the well SW are set to a voltage of positive
value), but a similar scheme may be adopted also in the case
where the so-called positive sense scheme is adopted.

First, at time t1, a voltage of the bit line BL, a voltage of the
source line CELSRC, and a voltage of an unselected word line
WL are all raised to a voltage VCELSRC_KICK+VREAD. A
read pass voltage VREAD is a voltage capable of rendering
the memory cell conductive irrespective of held data of the
memory cell, specifically, is a voltage larger than an upper
limit value of the threshold voltage distribution C in FIG. 2.
Moreover, this voltage VCELSRC_KICK is a voltage which
is higher than a voltage applied to the source line CELSRC at
time t7 when the write verify operation is actually started
(voltage VCELSRC in the case of FIG. 6). As an example,
when VCELSRC is about 1.5V, VCELSRC is a voltage of
about 3-5 V. Note that a waveform during voltage rise of the
bit line BL. and the source line CELSRC may be a general
waveform such as on the left side of FIG. 7, or may be a blunt
waveform as in the center of FIG. 7. Moreover, a wave form
rising in a stair case shape as on the right side of FIG. 7 is also
possible.

In order to transfer to a channel the voltage VCELSRC__
KICK applied to the bit line BL and the source line CELSRC,
a voltage of the select gate lines SGD/SGS is raised to a
voltage VCELSRC_KICK+VSG which is even higher than
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this voltage VCELSRC_KICK. Note that a voltage VSG is a
threshold voltage of the select transistors SG0 and SG1.

On the other hand, a voltage of the well SW and a voltage
of a selected word line WL are maintained at 0 V (ground
potential) until time t5. Note that a voltage provided to the
word line WL need not be 0OV, rather, need only be a voltage
which is smaller than a light erase voltage VCELSRC_KICK.

At times t1-t5 in FIG. 6, the voltage of the selected word
line WL is 0V, while the channel is provided with the voltage
VCELSRC_KICK, hence in a selected memory cell M, a
light erase operation is performed based on a potential difter-
ence between this 0 V and the voltage VCELSRC_KICK
(below, this operation is referred to as a “light erase opera-
tion”. Moreover, the voltage VCELSRC _ KICK is referred to
asa “light erase voltage VCELSRC__ KICK”). As aresult, the
previously mentioned charges trapped in the likes of the gate
insulating film or the sidewall film, which are in a state where
they can easily leak therefrom is released, whereby the lower
limit value of the threshold voltage distribution lowers. If a
write verify operation is performed in such a condition that
such charges can easily leak therefrom but still remains
trapped, it leads to an inaccurate verify determination result.
Therefore, having such a light erase operation performed
prior to the write verify operation is preferable in terms of
performing an accurate verity determination.

Subsequently, at time t4, the unselected word line is low-
ered to the read pass voltage VREAD. Following this, at time
t5, the voltage of the select gate lines SGD and SGS is lowered
from the light erase voltage VCELSRC_KICK+VSG to a
voltage VCELSRC+VSG. Furthermore, the voltages of the
bit line BL and the source line CELSRC are lowered to
VCELSRC+VBL and VCELSRC, respectively, and the volt-
age of the well SW is raised to a voltage Vwell. Moreover, the
selected word line WL is applied with a voltage VCGRYV that
is the write verify voltage VA, VB, and VC to which the
voltage VCELSRC is added. As a result, the write verify
operation (Verify Read) is started. Note that VBL is a voltage
provided to the bit line BL when the positive sense scheme is
adopted.

Although omitted from the drawings, when the positive
sense scheme is adopted, the voltages of the bit line BL. and
the source line CELSRC are lowered to the voltage VBL and
0V, respectively, and the voltage of the well SW is maintained
unchanged at O V. Even when the positive sense scheme is
adopted, the operation at times t1-t5 is similar to that shown in
FIG. 6.

As mentioned previously, at times t1-t5, the voltages of the
source line CELSRC and the bit line BL are raised to the light
erase voltage VCELSRC_KICK, whereby the above-men-
tioned light erase operation is performed. An ordinary erase
operation performed to erase data of the memory cell is per-
formed by providing the well SW with an erase voltage Vera
(for example, 20 V or more). In contrast, the light erase
operation of this embodiment is performed by providing the
bit line BL. and the source line CELSRC with the light erase
voltage VCELSRC_KICK. The well SW has a parasitic
capacitance which is far larger compared to that of the bit line
BL or the source line CELSRC, hence requires time for
charging, as a result of which the erase operation takes a long
time compared to the write operation or read operation. How-
ever, this light erase operation is performed by providing the
bit line BL. and the source line CELSRC with the voltage
VCELSRC_KICK. Therefore, the light erase operation can
be performed in an extremely short time, for example, a time
of about a few ps, whereby the lower limit value of the
threshold voltage distribution can be adjusted and occurrence
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of misread can be suppressed, without lowering operation
performance of the NAND type flash memory.

Note that in the above-described embodiment, the light
erase operation is executed by providing both the bit line BL.
and the source line CELSRC with the light erase voltage
VCELSRC_KICK. However, instead of this, it is also pos-
sible for the light erase operation to be performed by provid-
ing only the bit line BL. or only the source line CELSRC with
the light erase voltage VCELSRC_KICK.

Note that the unselected word line WL is applied with the
voltage VCELSRC_KICK to avoid the light erase operation
from being executed in the unselected word line WL. As long
as the light erase operation is not executed, the unselected
word line WL may be provided with a voltage different from
the voltage VCELSRC_KICK. In other words, during times
t1-t4, the unselected word line WL may be applied with a
voltage which is larger than the voltage provided to the
selected word line WL.

Second Embodiment

Next, a nonvolatile semiconductor memory device accord-
ing to a second embodiment will be described with reference
to FIG. 8. An overall configuration and basic operation of this
second embodiment are identical to those of the first embodi-
ment, hence a duplicated explanation thereof is omitted. As
shown in FIG. 8, this second embodiment has a method of
applying voltages in the write verify operation which differs
from that in the first embodiment. That is, in this second
embodiment, the voltage of the source line CELSRC, after
being raised to the light erase voltage VCELSRC_KICK at
time tl, is once lowered to 0 V (ground potential) at time t3,
and then, at time t5, is raised toward the voltage VCELSRC
which is the voltage during the write verify operation.

When it is sufficient for the light erase operation to be of
short duration, applying the light erase voltage
VCELSRC_KICK for a longer time than necessary results in
the threshold voltage distribution of the memory cell being
lowered more than necessary and time taken for the write
operation lengthening. In this second embodiment, by once
returning the source line CELSRC to 0 V, the light erase
operation on the selected memory cell can be finished
promptly.

Note that when the positive sense scheme is adopted, the
voltages of the bit line BL and the source line CELSRC are
lowered to the voltage VBL and 0 V, respectively, and the
voltage of the well SW is maintained unchanged at O V. This
is similar to in the first embodiment.

Third Embodiment

Next, a nonvolatile semiconductor memory device accord-
ing to a third embodiment will be described with reference to
FIG. 9. An overall configuration and basic operation of this
third embodiment are identical to those of the first embodi-
ment, hence a duplicated explanation thereof is omitted. As
shown in FIG. 9, this third embodiment has a method of
applying voltages in the write verify operation which differs
from that in the first embodiment. That is, in this third
embodiment, the voltage of the unselected word line WL,
after being raised to VCELSRC_KICK+VREAD attimetl, is
once lowered to 0V (ground potential) at time t3, and then, at
time t4, is raised toward the read pass voltage VREAD. As a
result, a voltage application time of the voltage
VCELSRC_KICK+VREAD to the unselected word line WL
is shortened, hence the probability of occurrence of miswrite
to a memory cell connected to the unselected word line WL
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due to the voltage VCELSRC_KICK+VREAD is reduced
compared to in the other embodiments.

Note that when the positive sense scheme is adopted, the
voltages of the bit line BL and the source line CELSRC are
lowered to the voltage VBL and 0 V, respectively, and the
voltage of the well SW is maintained unchanged at O V. This
is similar to in the first embodiment.

Fourth Embodiment

Next, a nonvolatile semiconductor memory device accord-
ing to a fourth embodiment will be described with reference
to FIG. 10. An overall configuration and basic operation of
this fourth embodiment are identical to those of the first
embodiment, hence a duplicated explanation thereof is omit-
ted. As shown in FIG. 10, this fourth embodiment has a
method of applying voltages in the write verify operation
which differs from that in the first embodiment. That is, in this
fourth embodiment, the voltage of the bit line BL, after being
raised to the light erase voltage VCELSRC_KICK at time t1,
is once lowered to 0V (ground potential) at time t3, and then,
attime t5, is raised toward the voltage VCELSRC which is the
voltage during the write verify operation, and, at time t6, is
further raised to the voltage VCELSRC+VBL.

As a result, identical advantages to those of the second
embodiment can be obtained.

Modified Examples

The above-described embodiments can be appropriately
combined within a scope not departing from the spirit of the
invention. For example, it is obviously also possible for the
second embodiment and the fourth embodiment to be
executed in combination.

FIG. 11 is a first modified example of the first embodiment.
In this modified example, at time tl, the voltage of the
selected word line WL is once raised to the voltage
VCELSRC which is the same voltage as the bit line BL or
source line CELSRC, and then, at time t2, is again returned to
0 V. This operation is effective for suppressing an excessive
stress being applied to the selected memory cell by the abrupt
application of voltages to the bit line BL. and the source line
CELSRC at time t1.

In addition, FIG. 12 is a second modified example of the
first embodiment. In this embodiment, at time t1, the voltage
of the well SW is similarly raised to the voltage
VCELSRC_KICK. This operation is effective in more reli-
ably executing the above-described light erase operation.

These two modified examples may be adopted also in the
other embodiments.

Other

While certain embodiments of the inventions have been
described, these embodiments have been presented by way of
example only, and are not intended to limit the scope of the
inventions. Indeed, the novel methods and systems described
herein may be embodied in a variety of other forms; further-
more, various omissions, substitutions and changes in the
form of the methods and systems described herein may be
made without departing from the spirit of the inventions. The
accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the
scope and spirit of the inventions.

What is claimed is:

1. A nonvolatile semiconductor memory device, compris-
ing:
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a memory cell array having NAND cell units arranged
therein, each NAND cell unit configured from a memory
string and a select transistor connected to both ends of
the memory string, the memory string having a plurality
of nonvolatile memory cells connected in series therein,
the memory cell including a charge storage layer formed
on a semiconductor layer via a gate insulating film and a
control gate formed on the charge storage layer via an
inter-gate insulating film;

a word line connected to the control gate;

a bit line electrically connected to one end of the NAND
cell unit;

a source line electrically connected to the other end of the
NAND cell unit; and

a control circuit that controls a voltage applied to the semi-
conductor layer, the control gate, the bit line, and the
source line,

the control circuit being configured to, when performing a
write verify operation for determining whether a write
operation has been completed or not after finishing the
write operation,

temporarily raise, prior to execution of the write verify
operation, a voltage of the bit line or the source line to a
light erase voltage which is higher than a voltage applied
to the bit line or the source line during the write verify
operation.

2. The nonvolatile semiconductor memory device accord-

ing to claim 1, wherein

while the bit line or the source line is being provided with
the light erase voltage, the control circuit provides the
word line connected to a selected memory cell in the
write operation with a first voltage which is smaller than
the light erase voltage.

3. The nonvolatile semiconductor memory device accord-

ing to claim 2, wherein

while the bit line or the source line is being provided with
the light erase voltage, the control circuit provides the
word line connected to an unselected memory cell other
than the selected memory cell with a second voltage
which is larger than the first voltage.

4. The nonvolatile semiconductor memory device accord-

ing to claim 1, wherein

the control circuit is configured to temporarily raise a volt-
age of a gate of the select transistor connected to the bit
line or the source line to a voltage having a value of the
light erase voltage to which a threshold voltage of the
select transistor is added.

5. The nonvolatile semiconductor memory device accord-

ing to claim 4, wherein

while the bit line or the source line is being provided with
the light erase voltage, the control circuit provides the
word line connected to a selected memory cell in the
write operation with a first voltage which is smaller than
the light erase voltage.

6. The nonvolatile semiconductor memory device accord-

ing to claim 5, wherein

while the bit line or the source line is being provided with
the light erase voltage, the control circuit provides the
word line connected to an unselected memory cell other
than the selected memory cell with a second voltage
which is larger than the first voltage.

7. The nonvolatile semiconductor memory device accord-

ing to claim 1, wherein

the control circuit is configured to, after temporarily raising
the voltage of the bit line or the source line to the light
erase voltage, lower the voltage of the bit line or the
source line to a ground potential, and then raise the
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voltage of the bit line or the source line to a voltage for
executing the write verify voltage.
8. The nonvolatile semiconductor memory device accord-
ing to claim 7, wherein
the control circuit, while the bit line or the source line is
being provided with the light erase voltage, provides the
word line connected to a selected memory cell in the
write operation with a first voltage which is smaller than
the light erase voltage.
9. The nonvolatile semiconductor memory device accord-
ing to claim 8, wherein
while the bit line or the source line is being provided with
the light erase voltage, the control circuit provides the
word line connected to an unselected memory cell other
than the selected memory cell with a second voltage
which is larger than the first voltage.
10. The nonvolatile semiconductor memory device accord-
ing to claim 7, wherein
the control circuit is configured to temporarily raise a volt-
age of a gate of the select transistor connected to the bit
line or the source line to a voltage having a value of the
light erase voltage to which a threshold voltage of the
select transistor is added.
11. A method of controlling a nonvolatile semiconductor
memory device,
the nonvolatile semiconductor memory device comprising:
a memory cell array having NAND cell units arranged
therein, each NAND cell unit configured from a memory
string and a select transistor connected to both ends of
the memory string, the memory string having a plurality
of nonvolatile memory cells connected in series therein,
the memory cell including a charge storage layer formed
on a semiconductor layer via a gate insulating film and a
control gate formed on the charge storage layer via an
inter-gate insulating film;
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a word line connected to the control gate;
a bit line electrically connected to one end of the NAND
cell unit; and
a source line electrically connected to the other end of the
NAND cell unit,
the method comprising:
when performing a write verify operation for determining
whether a write operation has been completed or not
after finishing the write operation,
prior to execution of the write verify operation, raising a
voltage of the bit line or the source line to a light erase
voltage which is higher than a voltage applied to the
bit line or the source line during the write verify
operation, thereby raising a channel of the memory
cell to the light erase voltage, and
after setting the voltage of the bit line or the source line to
a certain voltage, executing the write verify operation.
12. The method according to claim 11, further comprising:
while the bit line or the source line is being provided with
the light erase voltage, providing the word line con-
nected to a selected memory cell in the write operation
with a first voltage which is smaller than the light erase
voltage.
13. The method according to claim 12, further comprising:
while the bit line or the source line is being provided with
the light erase voltage, providing the word line con-
nected to an unselected memory cell other than the
selected memory cell with a second voltage which is
larger than the first voltage.
14. The method according to claim 11, further comprising:
temporarily raising a voltage of agate of the select transis-
tor connected to the bit line or the source line to a voltage
having a value of the light erase voltage to which a
threshold voltage of the select transistor is added.
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